A new large intelligent mowing robot based on four wheeled mobile robot structure is proposed in the paper. Trajectory tracking control is a key factor for high efficiency of mowing robot. Firstly, the kinematics model of the intelligent mowing robot is established by Ackerman model in order to solve the trajectory tracking problem. Subsequently, the trajectory tracking algorithm based on BP neural network is designed, which is used to solve the nonlinear problem of trajectory tracking. Finally, the kinematics model and trajectory tracking algorithm are simulated by MATLAB. The simulation experiment results prove that trajectory tracking algorithm is effective.
Introduction
Under the background of social progress and economic development, people's demand for living environment is also getting higher and higher, and more and more people pay attention to the protection of urban environment. Our lawn construction has obtained rapid development, such as city landscaping, golf course, football field, tennis court, racetrack, rivers, highways, railways and other transportation and water conservancy facilities all need high quality lawn. As you all know, the lawn can beautify the environment, soil consolidation, slope protection, purification of air and so on. In the United States, the lawn industry has become one of its ten pillar industries. According to incomplete statistics, there are 660 thousand hectares green land in 500 cities of China, and the lawn accounted for 180 thousand hectares [1] [2] . In all kinds of lawn maintenance work, the lawn pruning work is the most heavy, not only boring, but also repetitive, usually need to consume a lot of manpower and material resources. Therefore, the development of lawn means a large demand for new unmanned mowing vehicles [3] [4] [5] .
With the rapid development of city, people have higher requirements for the green environment. How to meet the management requirements of a large number of lawns naturally becomes an important research topic. The traditional manual mower has low working efficiency, large noise, high labor intensity and potential safety hazard, so it can't adapt to the development of green construction and a new automated unmanned mowing vehicle to replace the traditional mower is an inevitable trend of the development of green industry. Especially in the large-scale grassland environment, if you just rely on labor for pruning, the labor intensity is very large [2] . Therefore, the application of unmanned mowing vehicles in the large-scale grassland environment will greatly ease the pressure of related organizations on turf management, but also save a lot of time for the lawn managers.
The intelligent mowing robot researched in this paper belongs to the application category of mobile robot [4] [5] [6] . Path planning and trajectory tracking control are key factors for high efficiency of mowing robot. After completing the path planning, how to make the mowing robot move according to the planning path is the trajectory tracking control problem. There are two main methods to realize the trajectory tracking for mowing robot [6] [7] [8] . One is the use of photoelectric encoder and digital compass to measure the walking distance and direction of mowing robot to realize the cutting trajectory tracking. The other is a tracking control through the real-time detection of mowing path. In this paper, the second method is used to detect the real-path of mowing robot by GPS, and the trajectory correction algorithm is designed by the deviation information between real-time path and planning path.
Large Intelligent Mowing Robot
The large intelligent mowing robot studied in this paper is an integrated robot system which integrates environment perception, path planning, trajectory tracking and behavior control. It is mainly used in airport, golf course, pasture and so on. Four-wheel structure chassis is used in the mowing robot, and a large cutting table is embedded in the body of robot. The hybrid oil and electric power scheme is adopted, including gasoline engine, generator, AC/DC charging module, battery pack and power management module. The gasoline engine provides all the power sources, and drives the generator to obtain the direct current to provide power for the walking motor and other equipment on the vehicle. At the same time, it directly provides mowing power to the cutting table. GPS-RTK navigation equipment is used to obtain accurate position and course information of intelligent mower for path planning, trajectory tracking and precision navigation. The surrounding environment information of mower is acquired by using radar sensor, which is used to avoid obstacle. The embedded intelligent controller of robot controls the motion of the vehicle, and collects GPS navigation information acquisition, obstacle avoidance sensor information for path planning, navigation, trajectory tracking and so on. The control signal is sent to the corresponding actuator, and the real-time status information is returned to the remote monitoring terminal. The structure diagram of the autonomous unmanned mowing robot system is shown in Fig. 1 , which consists of mobile platform, GPS-RTK navigation system, control system, power system and remote monitoring system. 
Kinematics Model of Intelligent Mowing Robot
The mobile platform wheeled mobile robot structure includes chassis mechanism, walking executive mechanism, steering executive mechanism and height adjustment mechanism of the cutting table. The walking executive mechanism, steering executive mechanism and height adjustment mechanism of the cutting table all consist of DC servo motors reducer and motor driver. A total of nine sets of motor drivers are connected by CAN bus communication mode for unified control. The mechanical structure of autonomous unmanned mower is shown in Fig. 2 . Its chassis is driven by four sets of DC motors driving four wheels, and the front two wheels control the steering of the vehicle. The height of the cutting table can be adjusted from eight centimeters to thirty centimeters.
The vehicle body structure diagram of intelligent mowing robot is shown in Fig. 3 , where L is the axle center distance between front wheel and rear wheel, C is the axle center distance between left wheel and right wheel, R is turning radius, V is the velocity of vehicle body, B is the vertical distance between mass center and left wheel axle.
Let the rotation angles of left front-wheel and right front-wheel are δ 1 and δ 2 respectively. According to Ackerman steering differential model, the geometrical relationship can be displayed as:
According to the Figure 3 , the geometrical relationship of R can be written as:
Let the vehicle body is rigid body, so the angular velocity of each point is equal. The velocity of left front-wheel, right front-wheel, left rear wheel and right rear wheel can be calculated as: 
Trajectory Tracking Algorithm Based on Neural Network
The trajectory tracking control of mowing robot can be realized by the anthropomorphic steering control strategy. The anthropomorphic steering control strategy is shown in the Table 1 which instructs the relationship between tracking trajectory and position of mowing robot. The control strength refers to the steering angle, and the control direction is the steering direction of the front wheel in the table. It can be seen that the intelligent mowing robot needs to adopt different control strength and control direction for different reference lines. According to the rules of driving, the purpose of the trajectory tracking algorithm is to make the reference line and vision center line coincide. Trajectory tracking algorithm is to quantitatively calculate the relationship between control strength and deviation of angle and distance. Obviously, it is a nonlinear relationship. It is hard to solve the nonlinear relationship if we use a general method. But the artificial neural network (ANN) can solve any nonlinear problem in theory. Therefore, we use a neural network to analyze it.
The artificial neural network is highly influenced by the biological neural system. Originating in the mid-20th century, the neural network has the natural ability for storing empirical knowledge and making it an available feature. The neural network simulates the brain from two aspects [9] . The first one is that neural network learns to obtain the knowledge from the external environment. The other is that the connection weight of the internal neurons, which is changed by altering the size of the synaptic weights, used to store knowledge. Every neuron has the characteristic of taking multiple inputs and producing a single output. The effect of the each synapse is weighed and summarized. The information can be transmitted through the neurons, and the information is processed in a nonlinear fashion. Table 1 . Anthropomorphic steering control strategy.
Status
Angel deviation α
Distance bias d
Control strength
Control direction
Relation between reference line and field of view At present the most popularly used ANN is BP neural network, the full name is error back propagation neural network. This kind of neural network is composed with the most simple three-layer neural processing units; the input layer, hidden layer and output layer. The network structure is shown in Fig. 4 . The ANN works in two modes; the training or learning mode (recall or test mode). During the training mode, training inputs are fed to the input layer. A neuron of the ANN calculates the weighted sum of its inputs and passes it through a transfer function to generate an output. The most popularly used transfer function is the sigmoid logistic function which is defined in the following formula:
The output of a neuron goes to the inputs of all the neurons of the succeeding layer. The output of the ANN is collected at the output layer. The error made by the ANN in the iteration is defined as:
Where M is the number of iterations in training mode and N is the number of neurons in the output layer. o are the desired and calculated outputs of ANN, respectively. The ANN learns by adjusting its weights so that in the next iteration, the net error produced by the ANN is smaller than that in the current iteration. In the BP neural network, the cumulative error of back propagation algorithm is used to adjust the weight. By adding the corrections ∆w ij to the weights w ij , the net error is reduced in the next iteration, where j=1, 2,…, k; k is the number of neurons in the previous layer. Every weight (w ij and ∆w ij ) in the BP neural network is shown in the following formula:
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Where β is the learning rate constant, α is the momentum factor and t is the iteration index. The trajectory tracking control diagram is shown in Fig. 5 . The actual running position of the intelligent mowing robot is calculated by the information obtained from two on-board GPS, and the deviation information (i.e. angel deviation α and distance bias d) is obtained by comparing with the planning path. It uses the anthropomorphic drive data to train the BP neural network, and then the neural network uses the training model to calculate the control direction and strength of robot. Finally, the motors are driven to realize trajectory tracking motion. 
Experiment and Conclusions
The design parameters of the intelligent mowing robot are as follows: the axle center distance between front wheel and rear wheel L=2.4m, the axle center distance between left wheel and right wheel C=2m, the mass center coincides with the geometric center of vehicle. The paper uses MATLAB to execute the kinematics simulation experiment with velocity of 1.4m/s, and the experiment results are shown in Table 2 . The experimental results show that the velocity of the left-front wheel reaches the minimum at about 30 o , and then increases with the increase of the steering angle. The operator operates the mowing robot through remote control mode cutting grass according to the planning path. The data of mowing robot are sampled by on-board GPS at frequency of 20HZ, and the anthropomorphic drive data is obtained. The BP neural network is trained by using the anthropomorphic drive data. After the training, the BP neural network model is used to realize the trajectory tracking control of the mowing robot, and the result is shown in Fig. 6 . The experimental results show that the trajectory tracking algorithm can achieve good trajectory tracking function. 
